The volatile and non-volatile constituents of the unripe fruits of Magnolia ovata (A. St.-Hil.) Spreng. (Magnoliaceae) were studied. The essential oils were obtained by hydrodistillation of the fruit of two plant populations (A and B) and analyzed by GC/FID and GC/MS. The oil of sample A was rich in sesquiterpenes, mainly spathulenol (19.3%), while the oil of sample B showed a predominance of aliphatic compounds, mainly hexadecanoic acid (52.0%). Extracts of the dried fruit contained fourteen known compounds including nine lignoids (magnovatin A, magnovatin B, acuminatin, licarin A, oleiferin A, oleiferin C, kadsurenin M, 4-O-demethylkadsurenim M and 7-epi-virolin), two sesquiterpene lactones (parthenolide and michelenolide) and three alkaloids (lysicamine, lanuginosine and O-methylmoschatoline). Michelenolide, 7-epi-virolin and lisycamine are reported for the first time in the species, while the remaining compounds have already been reported in the leaves and/or trunk bark of Magnolia ovata. Acetylation of oleiferin A yielded a new compound, acetyl oleiferin A, whose NMR data and that of michelenolide are furnished.
Previous studies on M. ovata include the chemical composition of the fragrance of the flowers and unripe fruit [2, 3] , the essential oil of leaves and trunk bark [4, 5] , and the isolation of alkaloids, terpenes and lignans from the roots, trunk bark and leaves [6] [7] [8] [9] [10] . The present work describes the volatile and non-volatile chemical constituents of unripe fruit.
The essential oils were obtained by hydrodistillation of unripe fruit collected from two isolated populations (samples A and B). The oil yield was around 0.2% of the dried fruit. GC/MS analyses identified forty-three compounds in sample A (representing 80.3% of the total oil) and thirty-one compounds in sample B (89.7% of the total) ( Table 1 ). Sample A had a predominance of cyclic sesquiterpenes (66.6%), mainly spathulenol (19.3%), along with significant amounts of aliphatic compounds (11.9%) ( Table 1 ). This composition is very similar to those of the essential oils of the leaves and trunk bark of the same population of M. ovata [4] .
The inverse situation was observed in the oil of sample B that was dominated by aliphatic compounds (66.7%), mainly hexadecanoic acid (52.0%), followed by cyclic sesquiterpenes (21.9%). Among sesquiterpenes, the major component was -eudesmol ( Table 1 ).
The volatile compounds of this population previously studied by the headspace technique, showed naphthalene as the major constituent, together with monoterpene and sesquiterpene hydrocarbons. The distinct results of the present work can be explained by the use of hydrodistillation, a technique that may cause oxidation of terpenoids and loss of more volatile compounds, such as monoterpene hydrocarbons. In conclusion, the unripe fruit oils of the two studied populations are similar, showing mainly quantitative differences that can be due to ripening stage. Both oils contain aliphatic compounds that had not previously reported in the leaves and trunk bark oils [4, 5] .
Chromatography of extracts of the unripe fruit of population B yielded fourteen known compounds consisting of nine lignans (1-9), two sesquiterpene lactones (10-11) and three alkaloids (12-14) ( Figure 1 ). The compounds were analyzed by NMR ( 1 H, 13 C, DEPT, HSQC and HMBC), their spectra compared to literature data and thereby identified as magnovatin A (1) [10] , magnovatin B (2) [10] , acuminatin (3) [12] , licarin A (4) [13] , kadsurenin M (5) [14] , 4-O-demethylkadsurenin M (6) [14] , oleiferin C (7) [15] , oleiferin A (8) [15] , 7-epi-virolin (9) [16] , parthenolide (10) [17] , michelenolide (11) [18] , lysicamina (12) [19] , O-methylmoschatoline (13) [19] and lanuginosine (14) [20] . The steroids sitosterol and stigmasterol also were found [21] . Compounds 9, 11 and 12 are being reported for the first time in M. ovata, while the others were previously isolated from leaves and/or trunk bark [7] [8] [9] [10] . Since there was no complete NMR data for michelenolide in the literature, 1 H and 13 C NMR data is reassigned based on two dimensional NMR studies.
Compound 8 was treated with acetic anhydride and pyridine under standard condition to yield the new compound 8a. The 1 H NMR of 8a was similar to that of 8, but showed an additional acetyl signal at  1.99 (s) and, the chemical shift of the oxymethine hydrogen changed from  4.37 to 5.50, as expected for acetylation of a secondary alcohol. Importantly, one and two dimensional NMR analyses supported the expected structure of 8a.
Experimental

General experimental procedures:
The equipments and reagents used were described previously [4, 10] . 
Isolation and Chemical Analysis of Essential Oils:
The unripe fruit were dried at 30 o C for a week, chopped and 100g hydrodistilled in a Clevenger apparatus for 2 h. The oil was recovered with diethyl ether and dried over anhydrous sodium sulfate. The solvent was removed in vacuum, providing the oils with a 0.2% of yielding for both samples. The oils were kept in a refrigerator at -4 °C until GC and GC/EIMS analysis were carried out as previously reported [4] . Spathulenol was confirmed by comparison with an authentic sample, previously isolated from M. ovata [10] .
Isolation of non-volatile constituents:
Dried and powdered fruit of M. ovata (173 g), was successively extracted at room temperature with hexane, dichloromethane and ethanol (3 x 1 L each). The hexane extract (0.58 g) was analyzed by 1 H NMR, showing the presence of long-chained aliphatic compounds and, the steroids sitosterol and stigmasterol. The dichloromethane extract (0.91 g) was subjected to silica gel column chromatography (CC) separation with CH 2 Cl 2 and EtOAc in a gradient mode to give nine fractions (I-IX) as monitored by TLC. Compounds 1 (5.0 mg), 3 (3.1 mg) and 5 (3.0 mg) were isolated from fraction III (42 mg) by PTLC (hexane/EtOAc, 9:1). Compounds 4 (6.6 mg), 7 (8.9 mg) and 10 (35.2 mg) were isolated from fraction IV (132 mg) by PTLC (hexane/EtOAc, 4:1). Compounds 2 (2.5 mg) and 8 (5.6 mg) were isolated from fraction V (37 mg) by PTLC (hexane/EtOAc, 3:1). Compounds 9 (2.7 mg) and 11 (15.0 mg) were isolated from fraction VI (46 mg) by PTLC (hexane/EOAct, 7:3). Compound 6 (2.1 mg) was isolated from fraction VII (18 mg) by PTLC (hexane/EtOAc, 7:3). Compound 13 (4.0 mg) was isolated from fraction VIII (34 mg) by PTLC (hexane/CH 2 Cl 2 /acetone, 3:3:1). Compound 8 (5.0 mg) was treated with acetic anhydride and pyridine under standard condition to yield the new compound 8a (3.7 mg). The ethanol extract (2.98 g) was submitted to acid extraction, followed by usual work up, yielding an alkaloidal fraction (1.56 g). This fraction was submitted to silica gel CC separation by CH 2 Cl 2 and MeOH in a gradient mode to give seven Supplementary data: contains GC chromatograms of the oils, NMR spectra of compounds 8a and 11, isolation scheme of nonvolatile compounds and NMR data of compounds 1-10 and 12-14.
